Soybean is the major crop in the Brazilian Cerrado region. Tocantins state has been increasing soybean production mostly into degraded pasture. However, cover crops such as forages crops are important to implement in regional soybean agricultural systems to increase systems resilience due to climate variability. There is a lack of information regarding to agronomic performance of soybean intercropped with cover crops under no-tillage. The experimental design was randomized complete blocks with four replications in factorial 7 × 2. Seven soybean cultivation systems were tested: 1) soybean intercropped with Urochloa brizantha cv. Marandu; 2) soybean intercropped with Urochloa ruziziensis; 3) soybean intercropped with Panicum maximum cv. Mombaça; 4) soybean intercropped with Panicum infestans cv. Massai; 5) soybean intercropped with Pennisetum americanum; 6) soybean followed by Pennisetum americanum; and 7) soybean and fallow. Two soil acidity and amelioration were tested: 1) with lime and gypsum application; 2) without lime and gypsum application. Soybean grain yield, plant height and number of pods per plant were different. Soybean grain yield were higher with lime ad gypsum application. The highest soybean plants height were observed in the treatments where lime and gypsum were applied, and with soybean intercropped with P. maximun and Millet. Soybean number of pods was positively affected P. infestans intercropped with soybean. There was no significant difference among treatments for mass per 100 seeds. Cover crops showed suitable to increase agronomic performance of soybean.
. Gypsum is important as soil amelioration by reducing Al saturation and increases the amount of calcium and sulfur in subsurface, providing to the soil a better environment for the development of the roots in deeper layers (Fageria & Nascente, 2014) . Areas of where one major crop is adopted are usually more affected by reducing soil quality, affecting mostly soil physical, chemical and biological properties, leading to low biomass production, low root development and biomass and consequently decrease crop yield (Sievers & Cook, 2018; Tormena et al., 2016) and increase in the spread of weeds, insects and pests (Nolan et al., 2017) .
To improve agricultural systems sustainability, the annual biomass addition into agricultural systems is necessary and cover crops with using forage species can play an important role to improve the agricultural systems sustainability. Integrated crop-livestock (ICL), can be an important tool to diversification, crop rotation, intercropping or succession in MATOPIBA region, mostly to the advantage of to maintain soil surface covered throughout the year and leading the systems toward sustainability (Alves et al., 2017; Pariz et al., 2017; Braz et al., 2012) . The use of forage species as cover crops coupled with no-tillage increases farmer profitability and improve the environmental quality by increasing soil quality (Carvalho et al., 2011; Alves et al., 2017; Pariz et al., 2017) . Use of forage as cover crops or in the ICL improve soil structure, increase soil organic carbon and water available water mostly because forages are able to produce high amount of annual biomass into the soil, either aboveground and belowground biomass Lemaire et al., 2014; Moore et al., 2014; Maltas et al., 2009) . Although there are several species to use as cover crop and to implement in ICL, the agronomic performance of the soybean intercropped with forage species is gap of knowledge that must be filled. Therefore, we aimed to investigate the soybean agronomic performance intercropped with five major forage species used in MATOPIBA region and the influence of lime and gypsum application on soybean and forage production.
Material and Methods
The experiment was carried out at the Experimental Station of the Universidade Federal do Tocantins (Gurupi, Tocantins state) latitude 11°43′45″ South, longitude 49°04′07″ West and altitude of 278 m, in the 2013/2014 crop season. Climate in the region is defined as Aw, characterized by tropical humid climate, with dry winter and maximum rains in summer, and average annual temperature of 26.1 °C (Köppen, 1948) .
The plots were stablished in 2012 in Oxisol with a medium texture (EMBRAPA, 2014) . Detail of the experiment implementation is detailed described in (Andrade et al., 2017) . The area was under degraded pasture for 15 years. A randomized complete block design, with four replications in 7 × 2 factorial. The first factor consisted of seven soybean systems: 1) soybean intercropped with Urochloa brizantha cv. Marandu (Soybean+U. brizantha); 2) soybean intercropped with Urochloa ruziziensis (Soybean+U. ruziziensis); 3) soybean intercropped with Panicum maximum cv. Mombaça (Soybean+P. maximum); 4) soybean intercropped with Panicum infestans cv. Massai (Soybean+P. infestans); 5) soybean intercropped with Pennisetum americanum (Soybean+Millet); 6) soybean followed by Pennisetum americanum (Soybean/Millet); and 7) soybean and fallow (Soybean). Two soil acidity and amelioration were tested: 1) with lime and gypsum application (LG); 2) without lime and gypsum application (no LG). Plots were 21 m long and 12 m wide with subplots with 21 m long and 6 m wide. Soil samples were taken in 2012 prior the plot implantation at 0-20 cm soil depth. Soil analysis results (Embrapa, 1997) were: pH in CaCl 2 = 3.98; P = 1.09 mg kg -1 and K = 32.0 mg kg -1 (Mehlich-1) Cu = 0.90 mg kg . Based on soil testing results, in 2012 were applied lime and gypsum in the sub plots with LG at the rate of 2500 kg ha -1 and 1000 kg ha -1 of lime and gypsum, respectively, which were the recommended rates of lime and gypsum for soybean production in the Cerrado region of Brazil (Sousa & Lobato, 2004) . In addition, 250 kg ha -1 of P 2 O 5 , 100 kg ha -1 of K 2 O and 30 kg ha -1 of micronutrients as fritted trace elements (FTE-S: 3.9%; B: 1.8%; Cu: 0.85%; Mn: 2.0% and Zn: 9.0%) were surface broadcast applied in all plots to build up soil fertility to adequate level. After application all nutrients and lime and gypsum were incorporated into the soil. Soybean cultivar Embrapa Sambaíba was planted at 0.45 m row spacing. Forages species intercropped with soybean were oversowed when soybean were at reproductive stage R5 (Litch, 2014) . Forage seeds were applied at rate of 5 kg ha -1 for viable pure seeds, and P. americanum seeds were applied at rate of 15 kg ha -1 (Machado & Assis, 2010; Pacheco et al., 2009) . The 2012/2013 crop season was intended to stablish no-tillage in all plots. Forages aboveground biomass (DM) were evaluated 30 days prior soybean planting by sampling four randomized rectangular samples (1.0 m × 0.25 m) in the central plot. Samples were placed to dry in oven with air-forced circulation at 65 °C for 72 h, weighed and calculated to express the results in t ha -1 . Forages were killed using 1.8 kg ha -1 of glyphosate immediately after forages sampling were concluded.
In the crop season of 2013/2014, soybean cultivar SYN 1279 RR was sowed. Soybean was inoculated with Bradyrhizobium japonicum and sown with spacing 0.45 m row space. Forages species intercropped were oversowed when soybean were at reproductive stage R5, which 50% of soybean plants had pod filling (Litch, 2014) . Forage seeds were applied at rate of 5 kg ha -1 for viable pure seeds, and P. americanum seeds were applied at rate of 15 kg ha -1 (Machado & Assis, 2010; Pacheco et al., 2009 ).
Soybean agronomic performance were evaluated in two reproductive stages. Soybean nutrients status at reproductive stage R2 were evaluated by sampling randomized 15 branches per plot. Samples were placed in the oven to air-forced dry at 65 °C for 72 h. Plant macronutrients (P, K, S, Ca and Mg) were analyzed by nitric acid and perchloric acid digestion according to the methodology of Malavolta et al. (1997) . The collected leaves were stored in paper bags and taken to the refrigerator. Soybean growth was evaluated at reproductive stage R8. We evaluated plant height (PH), number of pods per plant (NP), mass of 100 grains (GW) and grain yield (GY). The PM was recorded measuring 10 randomized soybean plants per plot from the soybean plant stem base to the apex. The NP and GW were recorded in 10 soybean plants per plot randomized harvested, and GW was recorded using a digital scale. The GY was determined within 19 m long and 2 wide in the central plot using plot combine. Afterward, grains were weighed to determine yield, with values corrected for 13% of moisture content. Daily rainfall, air temperature and relative humidity were recorded at a weather station about 2.0 km from the experimental site and presented monthly for the growing season ( Figure 1 ).
The data were analyzed to analysis of variance and the means were compared using the Tukey's test, at 5% probability using the software Assistat 7.7 (Silva & Azevedo, 2016) . 
Result and Discussion
Forages aboveground biomass (DM) in each treatment evaluated 30 days before soybean planting ranged from 2.4 t ha -1 (Soybean/Millet no LG and LG) to 17.7 t ha -1 (Soybean+P. maximum LG), with total average of 6.4 t ha -1 of forage aboveground biomass (Table 1) . Millet was the cover crop that yielded the lowest aboveground biomass. Millet lowest biomass production was affected by seed quality. Hence, Millet establishment was affected in both intercropped and sowed after soybean harvest due to low topsoil moisture and high air temperatures. Analysis of variance showed that forage aboveground biomass varied among species which was expected, but no differences were found among the application of lime and gypsum nor the interaction among them (Table 2) . Millet is one of the most cover crop used in the Cerrado region of Brazil. Millet vigorous initial growth can be an important forage to anticipate animal stocking compared to perennial forages, once Millet is Vol. 10, No. 5; prompt to be grazed in 30 days after seeds emergence while the other forages in this study takes at least 45 days after seeds emergence (Machado & Assis, 2010; Andrade et al., 2017) . Based on the inherent differences among Millet and perennial forages investigated, lower Millet DM compared to Soybean+P. maximum can be explained by the longer growth cycle by Soybean+P. maximum. In addition, Soybean+P. maximum grass has lower number of tiller, larger leaf area, conferring the higher value of DM than Millet. Cover crop residue addition to soil creates an environment extremely favorable to plant growth, contributing to stabilization, recovery or maintenance of physical, chemical and biological soil characteristics Pariz et al., 2017) . As a result, it improves the soil quality. In addition to the soil cover provided by residues, is an important source of nutrients to farming systems, in view of plants up takes it in soil subsurface layers and being subsequently released on surface by its decomposition (Krutzmann et al., 2013) . In the Cerrado of Tocantins state, climate conditions are favorable for the increase of decomposition rate and the short rainy season difficult soil surface cover. In consequence, the production and maintenance of plant cover on soil surface are more complex (Mata et al., 2011) . The decomposition can be 10 times more accelerated in tropical regions and subtropical than temperate regions (Boer et al., 2008) . Note. § Means followed by the same lowercase letters in the columns and uppercase letters in the rows are not significant (Tukey P = 0.05 probability level; § § no LG (no lime and no gypsum application), LG (lime and gypsum application). Note. * Significant at the P = 0.05 probability level; ** Significant at the P = 0.01 probability level; ns no significance; C.V. = Coefficient of variance.
Soybeans PH varied among treatments (Table 3) . Soybean+P. maximum and Soybean+Millet presented highest soybean plant height. The lowest soybean plant height was observed in Soybean/Fallow (Table 3) . For soil correction and amelioration, treatments with lime and gypsum were obtained higher plant height averages compared to no soil correction and amelioration application.
Soybean NP was not affected by soil correction and amelioration (Tables 2 and 3 ). However, there was a significant difference between forages intercropped with soybean, in which Soybean+P. infestans was the highest NP found and Soybean+U. ruziziensis was the lowest NP observed.
The number of pods per plant is an important agronomic component related with crop yield, and it is directly influenced by the factors that affect plant growth and branching, as well as climatic conditions during flowering and early pod formation (Pedersen & Lauer, 2004) . Genetic and physiological potential of soybean, considering an isolated plant, has allowed the production of large NP, although under commercial farming conditions, NP is much lower due to competition between plants and variations in climatic conditions (Mancin et al., 2009 ). According to Pacheco et al. (2013) , and Carvalho et al. (2011) , grasses have low rate of residue degradation and emphasize that U. ruziziensis has higher potential of degradation than U. brizantha and other forages. This implies more rapid release of nutrients of U. ruziziensis, such as potassium, nitrogen, phosphorus and calcium. Calonego et al. (2012) stressed out that nutrient release from forages residue degradation occours more intensely in the first 45 days and Chioderoli et al. (2012) demonstrate that forage residues kept in the soil surface also benefits soil physical structure, which facilitates growth and nutrients absorption by the roots. The rapid release of nutrients due to the high rate of degradation may be the possible cause of the low amount of pods per plant, because the plant may have increase its vegetative development, and in the reproductive stage the reserve has been exhausted and the plant could not express all productive potential (Pedersen & Lauer, 2004; Singer et al., 2008) .
The weights of 100 grain (GW) are presented in Table 3 . We observed that soybean was not influenced by the intercropping, as well as, soil correction and soil amelioration also did not promote significant difference. The GW is the production component that presents the lowest percentage of variation growing in altered environment (Carvalho et al., 2004) . Soybean plant tends to form few grains, rather than many and poorly formed, because the main purpose of the species is the propagation (Pedersen & Lauer, 2004) .
The absence of statistical significance to the components of production (NP, and GW) for soybean intercropped with forages can be attributed to the possible decomposition and mineralization of similar forage residue (Garcia et al., 2014) . Some production components such as the number of pods and weight of grains may not be directly associated to productivity, being attributed to the variability of plant stand and the competition for components as light and physical space (Pacheco et al., 2009 ).
Grain yield was only affected by soil correction and soil amelioration (Table 3) in which treatments with lime and gypsum showed higher grain yields. Soybean yield in the treatments without lime and gypsum ranged from 2050 kg ha -1 (Soybean/Fallow) to 2566 kg ha -1 (Soybean/Millet), and soybean yield in the treatments with lime and gypsum ranged from 2609 kg ha -1 (Soybean/Fallow) to 3393 kg ha -1 (Soybean+P. infestans), respectively (Table 3) . Forage intercropped with soybean did not affected soybean yield. These results corroborate with Santos et al. (2013) and Silva et al. (2015) , which evaluated soybean intercropped with forages in integrated crop-livestock, also did not observed differences between treatments for agronomic characteristics; however, the results were different those found by Bahry et al. (2013) , were a significant difference was only found for plant height. In several studies where advantages of forages as cover crops are shown, a strong relationship with soil attributes mostly in the soil chemistry, soil physics and some crop health were demonstrated to be improved by cover crop adoption (Pariz et al., 2014; Franzluebbers et al., 2014) . However, in some cases, the benefits stressed out previously do not reflect in grain yield (Guimarães et al., 2003; Carvalho et al, 2011; Muraishi et al., 2005) .
To better obtain the benefits in increase of crop yield, time must be taken account for more appropriate measures the effects of forages as cover crops (Machado & Assis, 2010) .
The no significant differences between the intercropping systems in this study shows that the no-till tends to improve the productive conditions of agroecosystems over years with positive effects on soybean grain yield (Passos et al., 2015) . Other authors (Pauletti et al., 2003; Pereira et al., 2011) obtained similar results, absence of difference between systems, in the first year. Santos et al. (2006) comparing four soil management systems and three rotation systems, verified that in the first years, regardless of rotation, soybean under no-till and minimum tillage did not differ from the conventional tillage system for grain yield, weight of 1.000 grains and plant stature. The factors that contribute to increase soybean yield in no-tillage system are related to the physical, chemical and biological improvement of soil (Fidelis et al., 2003) . No-tillage system, well managed, has high potential to improve quality of soil profile (Spera et al., 2011) , increasing contents of organic matter by better nutrient cycling capacity (Yagi et al., 2005; Izumi et al., 2009 ). Crops intercropped with forages reflect positively on soil properties, for high volume of roots in soil depth and production of organic matter increased by recycling of nutrients (Calonego et al., 2011; Silva et al., 2015) . The reason for the low productivity in the plots without lime and gypsum probably occurred due to the low soil fertility with base saturation equal to 6.71%. Sousa & Lobato (2004) recommend that the base saturation should be close to 60% in order to provide essential basic cations; however, soybean did not respond to increase base saturation in highly weathered soils which high yields are obtained in base saturation ranging from 20-70% (Fageria & Nascente, 2014) . Possibly, in areas where liming and gypsum was carried out, the base saturation was high, providing more cations to soil solution.
The values of F and levels of significance of macronutrients Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg) and Sulfur (S) in soybean leaf sampled at stage R2 affected by forages intercropped and application of lime and gypsum are shown in Table 4 . Considering the interaction of cropping systems versus soil correction, there was no significance, characterizing independence of factors. The soil correction levels did not influence on the expression of studied systems, and thus, the factors were studied in isolation. Note. § Means followed by the same lowercase letters in the columns and uppercase letters in the rows are not significant (Tukey P = 0.05 probability level; § § no LG (no lime and no gypsum application), LG (lime and gypsum application). Note. * Significant at the P = 0.05 probability level; ** Significant at the P = 0.01 probability level; ns no significance; C.V. = Coefficient of variance.
Forages intercropped with soybean did not affected nutrient concentration in soybean leaves. Regarding the effect of soil correction and amelioration, there was a significant effect only to P, Ca and Mg concentrations in soybean leaf, showing that soil correction and amelioration increase the P, Ca and Mg uptake (Table 5 ). The concentrations of P, Ca and Mg were not influenced by forages intercropped with soybeans; however the concentration values found were considered above the sufficiency level recommended by Sousa & Lobato (2004) , which is 0.25, 1.00 and 0.40 dag kg -1 respectively for P, Ca and Mg. Highest P concentration values in soybean leaf were found in the treatments with lime and gypsum application. Potassium and S concentration in soybean leaf were not affected by either forages intercropped nor lime and gypsum application. Similarly to P, K concentration in soybean leaf was found values above the sufficiency level of 1.70 dag kg -1 of K. Sufficiency levels of P in soybean leaf in treatments with application of lime and gypsum was accompanied by increases in nutrient availability, being significantly related to reduction of soil acidity that causes P solubilization from solid phase to soil solution (Caires & Fonseca, 2000; Caires et al., 2001; Inagaki et al., 2016) . K and S absorption was not influenced by soil correction, mostly due to absence of liming and gypsum effect on nutrient content of soil, and because part of S can also be uptake from subsoil or by mineralization of organic matter (Caires & Fonseca, 2000; Inagaki et al., 2016) . As well as there was adequate forage aboveground biomass production (Table 1) , the residue decomposition and mineralization was sufficient to supply the nutrients and attained the sufficiency levels. Calcium (Ca) and magnesium (Mg) concentration in soybean leaf increased due to application of lime and gypsum. The increased of nutrient uptake was caused by changes in root growth and by changes in nutrient availability. It is important to emphasizes that the nutrient dynamics in soils under no-till changes over the time and more growing seasons is important to evaluate and measure the impact of continuous crop residue addition annually and its effects on nutrient dynamics and also nutrient uptake by either cash or cover crops. To obtain more concrete results is necessary to evaluate this system for more harvest years. Note. § Means followed by the same lowercase letters in the columns and uppercase letters in the rows are not significant (Tukey P = 0.05 probability level; § § no LG (no lime and no gypsum application), LG (lime and gypsum application).
Conclusion
Forage aboveground biomass in P. maximum yield highest biomass production among forages and the no application of lime and gypsum does not affect forages aboveground biomass. Soybean yield is not affected by intercropping with forages oversowed in soybean at R5 stage; however, the application of lime and gypsum increases soybean yield compared to no application of lime and gypsum. Nutrient concentration in soybean is not affected by intercropping while the application of lime and gypsum increases the uptake of P, Ca and Mg. The study site is located in a region with large areas with cattle production under pasture and mostly degraded pasture due the inadequate pasture management. On the other hand, soybean is increasing in the same region and a win-win scenario is taking place, where soybean production increases soil nutrient status due to nutrient management, increasing forages aboveground biomass, which forages can be used in both cases as cover crops to establish no-till and also as forages for integrated crop-livestock.
